The ability of Micrococcus pyogenes var. aureus to produce certain toxins and enzymes has been correlated with the causation of disease in animals and human beings. Various laboratory procedures have been devised to determine the activity of these substances as an index of potential pathogenicity. It is known that nonpathogenic strains may exhibit such activity but to a lesser degree. Therefore, a quantitative estimation of the activity of a toxin or enzyme is desirable in determining presumptive pathogenicity.
The ability of Micrococcus pyogenes var. aureus to produce certain toxins and enzymes has been correlated with the causation of disease in animals and human beings. Various laboratory procedures have been devised to determine the activity of these substances as an index of potential pathogenicity. It is known that nonpathogenic strains may exhibit such activity but to a lesser degree. Therefore, a quantitative estimation of the activity of a toxin or enzyme is desirable in determining presumptive pathogenicity.
The most commonly determined substances include coagulase, a-hemolysin, and phosphatase. Of these, phosphatase has received the least attention in regard to quantitative study. The purpose of this paper is to present a quantitative study of the phosphatase activity of a strain of 11. pyogenes var. aureus and to propose a simple rapid technique for measuring the activity of the enzyme.
MATERIALS AND METHODS
The strain of Micrococcus pyogenes var. aureus used was isolated from a furuncle and was characterized by the production of yellow pigment, coagulase, a-hemolysin (determined by the method of Gillespie and Simpson, 1948) , and acid phosphatase. The cells were cultured on nutrient agar (Difco) plates inoculated with 22-hr nutrient broth cultures and incubated at 37 C. After 22 hr the cells were harvested by washing the plates with Sorensen's citric acid-sodium hydroxide buffer, pH 5.6. The suspension was then adjusted to 0.625 optical density with a Coleman Junior spectrophotometer at a wave length of 600 m,u and adjusted to zero with a blank control of buffer, using 10-by 75-mm cuvettes. When any one variable was studied, other than cell concentration, all tubes were prepared with aliquots from the same suspension to insure as nearly Company, 1955) . Two-tenths ml substrate at 5 g per L concentration were deposited in tubes, stoppered, and frozen until used. When the tests were set up, 0.8 ml of the cell suspension was added to each tube, thus diluting the substrate to 1 g per L and the cell suspension to 0.60 optical density. Buffer, rather than buffered cell suspension, added to the substrate, constituted the control.
The tubes were incubated in a water bath at 37 C. After 30 min, 1 ml of NaOH at pH 12 was added to each tube to stop the reaction and to develop the color of the p-nitrophenol liberated. The tubes were then centrifuged at 500 G for 15 min to precipitate the cells. One ml of supernatant was drawn off each tube with a pipette and deposited in a 10-by 75-ml cuvette. The spectrophotometer, set at a wave length of 400 m, and adjusted to zero with a blank control (incubated buffer and substrate), was used for determination of optical densities. Optical densities of the alkaline solutions were determined, after which 1 drop of concentrated HCl was added to each tube to remove the color of the p-nitrophenol. The spectrophotometer was adjusted to zero with the acidified control and the optical densities of the solutions when acidic were determined.
The optical density of alkaline solutions can be attributed to p-nitrophenol and extraneous sources, such as residual cells in suspension. The optical density of the acidic solutions is solely of extraneous origin, as p-nitrophenol is colorless under acidic conditions. An accurate measurement of the intrinsic optical density of the p-nitrophenol is therefore obtained by subtracting the latter value from the former. The total amount of p-nitrophenol does not originate entirely from enzymatic hydrolysis, but also from spontaneous hydrolysis and from its presence in the initial substrate. This source of error is cor-PHOSPHATASE ACTIVITY OF M. PYOGENES rected when the spectrophotometer is adjusted to zero with the incubated, blank control of buffer and substrate.
p-Nitrophenol, expressed in mmole, was then determined by extrapolation from a standard curve, constructed by determining the optical density of various concentrations of p-nitrophenol at pH 12. Because the solutions were diluted 50 per cent when the sodium hydroxide was added, the extrapolated values were corrected by multiplying by a factor of 2. In some instances, the hydrolysis was of such magnitude that thc solutions were diluted further for more accurate extrapolation, and the values corrected accordingly. In these instances the control tubes were diluted in a like manner.
RESULTS AND DISCUSSION
Substrate concentration. The activity of the enzyme in relation to the concentration of the substrate was analyzed according to the method of Lineweaver and Burk (1934) . The linear regression of S T' (ratio of substrate concentration to velocity) as a function of S (substrate concentration) was determined ( figure 1A ). The resultant equation was used to compute the velocity as a curvilinear function of substrate concentration (figure 1B). The substrate concentration thatwould give the theoretical maximum velocity was calculated to be 255 mmole; 7.6 mmole gave 97.5 per cent of the theoretical maximum activity, and 3.8 mmole or 1 g per L gave 95.9 per cunt. All other studies were conducted with 1 g per L substrate concentration for reasons of economy. The Michaelis constant was calculated and found to be 0.0002 M. The data of Martland and Robison (1927) indicate that this constant for bone phosphatase is less than 0.003 M.
The velocity of spontaneous hydrolysis of the substrate was found to be a linear function of the logarithm of the substrate concentration.
Incubation time. The enzymatic hydrolysis of the substrate was found to be a linear function of time for approximately the first 2 hr, thereafter the velocity decreased slowly (figure 2). This departure from linearity may be a reflection of the concentration of the substrate, as the velocity is linear only if the enzyme is saturated. These studies were conducted with 1 g per L substrate, which was found to be theoretically less than saturation (refer to section on substrate concentration). As a matter of consideration, it should~- be pointed out that determinations beyond 1 hr were made from 1:19 dilutions, and corrected accordingly. Clearly, this increases the limits of error by a like factor. Determinations under 1 hr were made from 1:3 to 1:7 dilutions, and are therefore more accurate than those beyond 1 hr. White and Pickett, 1953.) This concentration is recommended for two reasons:
(1) The magnitude of hydrolysis is such that random error from variation in substrate concentration, cell concentration, incubation time, and dilutions is a small per cent. The coefficient of variation for seven replicate tubes containing 45 X 108 cells per ml was 2.7 per cent, and for tubes containing 14 X 108 cells per ml it was approximately 18 per cent.
(2) One agar slant tube of 22-hr growth is usually sufficient to provide enough cells for 1 ml of this concentration.
"Tween 20" (polyoxyethylene sorbitan monolaurate) was used in concentrations of 0.1 to 20.0 per cent in an attempt to produce uniformity in the suspensions and to delay precipitation of cells during the incubation period. No significant differences were found among seven replicates of the control and various concentrations of tween 20 in magnitude of hydrolysis as measured by an analysis of variance. A comparison of the coefficients of variation for these replicates revealed no differences in variation of practical importance, as there was no relationship between the coefficient of variation and concentration of tween 20.
Age of the culture has a marked effect upon the magnitude of hydroly sis. 
